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PART A: SUMMARY 
 
1. Project Data  
BDC: Integrated management of rainwater and small reservoirs for multiple uses 
Project Title: Integrated Management of Small Reservoirs for Multiple Uses 
Project Lead Organization: UMR G-Eau 
Consortium partners (who receive budget): G-Eau, 2iE, TU Delft, INERA, SARI, WRI 
Project Leader (name and contact details): Dr Jean-Yves Jamin - jamin@cirad.fr - Tel. + 33 4 67 16 64 85. 
UMR G-Eau / Cirad-Es, 361 rue Jean-François Breton, BP 5095, 34196 MONTPELLIER cedex 5, France. 
Duration: 3 years, 2 months 
Target start date: November 2010 
Finish date: December 2013 
Maximum budget requested from CPWF (in US$): US$ 1,225,000 
Any matching funds offered (provide brief explanation):  
 
2. Project Summary 
Provide a concise project summary. This should include project rationale, key activities, outputs and methodologies and likely 
impact. This will later be published on the CPWF website and in other relevant documentation. 
V3 project focuses on integrated management options at local scale for small reservoirs (SR), in a 
multiple use context. Integrated management of SR can aim at several objectives: (i) perpetuating 
infrastructures, obvious condition for socio-agro-ecosystem durability; (ii) protecting and if necessary 
improving the water quality for the various uses; (iii) reaching and enhancing water productivity 
potentials; (iv) seeking for equity (pro-poor position). These goals have to be compared and discussed 
with stakeholders’ perceptions and expectations: participative diagnosis and modeling will constitute a 
methodological baseline. For local management of SR, the sustainable enhancement of water 
productivity will require (i) to assess the different aspects of water productivity (present and its past 
evolution), and (ii) to test options for sustainable improvements. Users’ practices depend on strategies 
and arrangements that have also to be clarified. Assessment and test will be made with the 
stakeholders adopting two main ways: (1) through participative modeling of the SR functioning for 
testing possible evolutions, and (2) through implementing pilot operations to test some options in field 
conditions. Geographical analyses focusing on both diachronic (temporal evolution) and synchronic 
(spatial diversity) processes are thus required and will also constitute a baseline in our methodology. 
Developing descriptive and prospective models requires knowledge on processes and data. 
Quantification of local biophysical and socio-economical processes and their interactions will be 
addressed through combined approaches (field analyzes, experimental approaches, participative 
diagnosis and modeling, simulation games, etc.). If the catchment scale is appropriate for some physical 
processes (e.g. erosion and siltation; interactions between surface waters and groundwater), some 
others (e.g. social and economical issues, ecological processes) require others spatial frameworks. 
Fluxes (of water, of matter, of chemicals, etc.), exchanges (of crops, of money, of information, etc.) and 
mobility (of people, of opportunities, etc.) will thus be specifically targeted. The externality of these 
flows may constitute a linchpin for further up- and out-scaling, as should be developed by V1, V2 and V4 
projects. All these studies will be carried out in targeted illustrative pilot-sites located in Burkina Faso 




PART B: PROJECT DESCRIPTION 
 
3. BDC Goals to which the project will contribute 
 
The BDV goals that have been developed during the Project Development Workshop target "Improving 
rainwater and small reservoir management in Burkina Faso and Northern Ghana to contribute to 
poverty reduction and improved livelihoods resilience while taking account of downstream and 
upstream water users including ecosystem services". 
The loop between the resilience of agro-socio-ecosystems facing the global changes and the 
amelioration of their productivity is the central point of this consensual statement: it corresponds to 
one of the most challenging issue of our global future! It introduces a specificity associated to the basin 
perspectives that correspond now to the accurate scale of governance and management of water 
resources. For the small reservoirs, it targets implicitly the dynamics of fluxes of different natures (flows 
of water, transfers of productions, mobility of stakeholders…), which determine their functioning, which 
control their potentialities, and which characterize their exploitation. From local to regional 
perspectives, from individual to collective actions: upscaling and downscaling appear as fundamental 
pathways to develop efficient diagnosis tools and management models. 
The development of "integrated management options of small reservoirs for multiples uses" implies the 
consideration of alternatives in terms of governance and management, but implies also the explicit 
recognizing of different stakeholders categories already or potentially involved in different exploitation 
ways of these infrastructures. Both the assessment of current situations (how the real world works), 
and the prospective analyzes of potential options (how the real world could be steered), require 
partnership and interdisciplinarity within an integrative approach. 
Working in different areas of a relatively large transboundary basin, the V3 project makes the 
assumption that core and valuable information will be effectively available at the local scales of interest. 
The involvement of the National Institutes in charge of the agricultural and environmental sectors in 
Burkina Faso and Ghana (INERA and SARI/WRI, respectively), and which are daily in close proximity with 
stakeholders and in close familiarity with their practices, will allow the V3 to assume its accountability in 
terms of realism. Household's based RRA approaches will be implemented to extract core elements 
related to the diversity and to the socio-economy of local stakeholders. In the same way the 
participative approaches that will be implemented (from diagnosis to modeling and simulating 
scenarios), will directly consider present but also expected stakeholders’ strategies. Project timeframe is 
structured in two interconnected periods: the first one is strictly devoted to assessment, and the second 
one is oriented to the implementation of pilot-studies. Such an adaptive research aims at keeping close 
to field realities and at exploring with the stakeholders potential opportunities. 
Around small reservoirs, uses and users of the resources - made available by the presence of water 
masses - can be characterized by their specific requirements and impacts on the water resources. 
Trade-offs between these requirements and these impacts define further the nature of the water 
resources effectively available, both in terms of quantity and quality. If partnership is a pre-
requirement, interdisciplinarity is an obligation. The development of integrative and participative 
models (i.e. participative modeling using WEAP and ZonAgri softwares), based on quantitative 
assessments and on simulation games, aims at coping explicitly with the outcome pathway supported 
by the CPWF, in promoting the transfer of knowledge and information and in exploring possible or 
expected changes (with and by stakeholders). 
The accountability of the prospective studies that will be developed by the V3 project is first surrounded 
by the consideration of resilience of the agro-socio-ecosystems. The study of this "global resilience" is 
an almost recent and innovative research challenge. Small reservoirs are artificial infrastructures, built 
by men for men, which correspond always to an innovation (ecological, social, economical, etc.). No 
more than two or three generations of stakeholders have been involved (or are already involved) in 
their exploitation. It's a short period for integrating suitably the local traditional production' systems. 
Moreover, this short period corresponds also to strong socio-economic changes at regional and global 
scales. Many declinations of these "global changes" induce specific pressures, even in the far field of 
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rural areas of West Africa. Beyond climate change and the associated uncertainty regarding its impact 
on the water cycle, the population dynamics and its corollaries (land use evolutions, urbanization, 
focalization of markets, etc.) are probably the dominant traits of "global change" in Africa. Its impact on 
SR is indirect, but real and still poorly understood. Allowing the provision of fresh food (irrigated 
agriculture, fisheries, breeding, etc.), mainly devoted to city dwellers that pay for such services, the SR 
vocation has probably mutated. If the SR construction has been undoubtedly an innovation, the 
appetite of urban markets could probably be considered as a second revolution: from the storage of 
water flows towards the constitution of cash flows... 
In terms of resilience, this superposition of drivers and pressures, respectively at global and local scales, 
create a very complex system of determinants: by itself, this issue is a complete and difficult research 
field, which requires innovative methodologies and concepts. To ensure realism and quality, we have 
shared this question in four specific sub-questions that will be studied by four PhD students from local 
universities. The resilience of water resources will be studied quantitatively by PhD students at 2iE and 
KNUST whereas qualitative perspectives will be provided by a PhD student from University of Bobo 
Dioulasso. Health and livelihood will be the proxies of population's resilience, and will be approached by 
a PhD student from University of Ouagadougou. In all these cases, the PhD' supervision's committees 
that will be implemented will involve two PI of the V3 project, to ensure the scientific coherence of the 
juxtaposed approaches, and to integrate the individual results obtained in a whole-system resilience 
analysis. As intensification of agro-ecosystems potentially induces significant ecological and social 
disturbances (alteration and exclusion, respectively), a specific attention will be devoted to the most 
vulnerable elements of agro-socio-ecosystems: "fairness within sustainability" is a leitmotiv, 
strengthened by the apparent geographical discrepancies that characterizes the distribution of 
"externalities" provided by small reservoirs, with often a local concentration of threats, sometimes 
alleviated but generally poorly compensated by the exportation of the benefits. 
 
 
4. Research questions and methodologies 
In the Volta basin, most of the small reservoirs correspond to a dike in earth, able to maintain part of 
the annual inflow of a temporary river during the rainy season, and thus to constitute stocks of water, 
used later during the forthcoming dry season. For the local stakeholders, the present usages and/or the 
expected ones will give its value as a resource to these stocks. Uses – in their diversity – require water 
both in terms of quality and quantities. Conversely, these uses may impact the resource, again in terms 
of quality and quantities. The permanent trade-off between these requirements, these uses, and the 
amount of available water ultimately define the “nature” of the available resource; nature that may (i) 
produce in a sustainable way the Ecological Services that benefit to the (local) stakeholders, and that 
may (ii) allow (or not) a significant amelioration if not the optimization of the uses that the (local) 
stakeholders expect to implement. Sustainability appears clearly as a multidimensional concept, and 
we’ll thus consider and integrate economic, social and environmental aspects (as recommended for 
example by Pope et al., 2004). Local communities use small reservoirs (SR) in many ways but not always 
as implied by policy discourses and development strategies. Social, eco-technical and managerial 
analyses would then not disclose the real value of these innovations, both at the local (SR) and the 
regional (watershed) scales. Understanding the opportunities and risks linked to the use and 
intensification of small reservoirs requires considering them as rural development and planning 
interventions. SR induce changes in the relations that societies nurture with their environment and 
catalyze new and multiple claims and uses that appear sometimes conflicting and irreconcilable. That’s 
what we call the assessment of the “value” more than the assessment of the “performances” (see 
Venot & Cecchi, in press).  
Fluxes are said to constitute emerging properties of these different issues, and we have constituted a 
consortium of core partners that should be able, with their subcontracting partnership (located both 
within and outside the Volta Basin), to catch these fluxes and describe these trade-offs.  
IWRM is central in the whole CP initiative. For the V3 project, “options” have to be proposed, that may 
constitute end-points of our activities. The evaluation of current options in terms of IWRM will be 
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realized under the umbrella of the G-Eau team (J.C. Poussin) and will involve SARI (W. Dogbe & A. 
Abunyewa) in Ghana and INERA (S. Kabore & Y. Dembele) in Burkina Faso. Household's based RRA 
approaches will be implemented under the expertise of J.L. Fusillier (Cirad-G-Eau) to document 
livelihood strategies and document their diversity both in terms of resilience and vulnerability.  
The V3 project thus will be structured around a series of interconnected modules; pragmatically, the 
main outputs and expected outcomes of these modules have been attributed to different partners. The 
leading team, coordinated by G-Eau (J.Y. Jamin) will ensure multi-scales consistency, and, correlatively, 
will work to optimize both internal and cross-projects pertinence.  
A series of clusters of SR has been identified at the Volta Basin scale: two of these clusters will be 
specifically targeted to constitute the primary "interdisciplinary lab" for the whole project; lighter 
operations will be conducted in the other areas. 
 
1. Ecological and health impacts of SR 
An important attention will be devoted to the ecological and health impacts of present and future 
management options. Agricultural water uses generate pollution that can have direct or indirect impact 
on human health. This study will be crossed with the external and participative diagnosis that will 
characterize SR uses. Water pollution and human health impact risks will be considered as externalities 
of those SR uses. 
As discussed below (see section 7), the activities of the V3 project will be conducted in a series of 
clusters of reservoirs that have been identified in geographical contrasted areas, i.e. in taking into 
account both their hydrological and socio-agro-economical contexts. Pilot-sites (i.e. individual 
reservoirs) will be selected, where intense pluridisciplinary surveys, including ecological assessment, will 
be realized (field, lab, modeling). However, the “cluster scale” remains explicitly targeted, in regarding 
particularly the hydrological connectivity at the sub-basin scales. This sub-basin scale appears as the 
relevant one, for the examination and modeling of i) water budget, including interactions between 
surface and groundwater, ii) ecological properties of water masses in a bio-geo-chemical perspective, 
including potential anthropogenic pollutants and contaminants, iii) interactions between land [and 
water] uses and water productivity and quality. This scientific strategy is supported by a growing 
international literature, today largely focused on the assessment, but also on the forecast, of water 
quality, including in particular the burden of threats potentially associated to cyanobacteria 
proliferations (see Leight et al. 2010 and references herein). The adoption of such a continuum or basin 
scale will ensure that environmental impacts will be assessed at a larger scale (downstream in 
particular). From a broader perspective, the watershed scale appears specifically relevant to examine 
integrated pluridisciplinary data, particularly within the current context of decentralization (Parkes et al. 
2010). It appears also that basin's targeted analyses may constitute a relevant framework for 
environmental management that incorporates the social dimensions and policy elements with the 
objective of facilitating interactions with stakeholders and developing effective policy (Stevenson 2010). 
For ecological studies: in situ monitoring and experimentations at different scales (i.e. from micro- to 
mesocosms) will be realized. This issue will be assumed in close partnership by G-Eau (P. Cecchi), and by 
Polytech Bobo (A. Kabré + 1 local V3-PhD) surrounded by outside basin academic partners (C. 
Leboulanger, Ecolag, Montpellier). 
Intensification of agricultural practices and anthropogenic pressures in a broad acceptation are 
recognized as threatening factors regarding the integrity of ecosystems (Darkoh 2003). A large field 
survey will be organized the first year that will consider a significant amount of reservoirs (15) within 
the different clusters identified. It will provide an up-to-date assessment of the health status of aquatic 
ecosystems that will consider their geographical diversity, in using a series of different proxies based on 
their physical, chemical and biological properties (Arfi et al. 2001). Potential links with their watershed's 
status and their historical evolution (land use, population dynamics) will later be searched. For that, the 
whole catchment (sub-basin perspective) and buffer areas of different radii around reservoirs will be 
considered (see for example among the abundant related literature Knoll et al 2003, Quinlan et al 2004, 
Burford et al 2007, Sass et al 2010…). 
A specific attention will be devoted to cyanobacterial communities, owing to their intriguing dominance 
in Burkina Faso (Cecchi et al. in prep). Aquatic cyanobacteria constitute in particular an efficient 
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metabolic proxy in terms of water quality (a spatial or temporal persistence of aquatic cyanobacteria 
always indicates a degradation of the health status of the aquatic ecosystem, whatever its 
determinism). Moreover, aquatic cyanobacteria proliferations represent worldwide an emergent but 
growing threat because of their eventual harmfulness (toxicity). The monitoring of cyanobacteria will 
constitute a baseline all along the project duration that justifies the acquisition of a specific probe.  
From another point of view, for each studied reservoir, samples of sediments and of integrative aquatic 
organisms (fish and/or macro-invertebrates) will be checked against their potential contamination 
(pesticides).  
 
Diverse and complementary approaches will then be implemented (years 2 and 3), which will mobilize 
observation and field analyses, experimental works (in vitro and in situ), and modeling, to document the 
interactions between pollutants and other natural or anthropogenic environmental stressors (other 
pollutants, trophic disequilibrium, climate change, etc.): how to detect long-term trends? How to 
distinguish between specific signals (e.g. specifically associated to identified pollutants) versus natural 
internal variability? Scientific activities to be developed under this “ecotoxicological umbrella” explicitly 
concern the fate and the impacts of pollutants along the hierarchical organization of aquatic 
ecosystems, in using the microbial communities as targeted organism (Leboulanger et al. 2009). They 
will be implemented during the second and third years and will mainly consist in in situ (2012) and in 
vitro (2011 – 2013) experimentations. Our key scientific focuses are: 
• To better assess the impacts of toxic stress on communities, both at the level of keystones species 
and at the functional levels that drive and control the ecological services; 
• To develop and/or to adapt modeling tools, which allow outscaling and the generalization of results 
(mixtures of toxicants, interactions between stress’ factors, etc.) owing to the recognized inaccuracy 
of temperate models for tropical regions (Wiktelius et al. 1999, Hayes et al 2010). 
 For that, the implemented design of studies will allow to document experimentally: 
• at the population level (in vitro experiments 2011-2013): (i) phenotypic and genotypic responses of 
cultivated organisms (algae mainly) exposed to single pollutants and/or mixtures of contaminants; 
(ii) interpretation of field observations (lack of long-term spatio-temporal perspectives particularly 
regarding targeted species/ populations/ communities)… These experiments will be realized in 
controlled situations (i. e. in a culture chamber). 
• at the community level (in situ 2012): cascading impacts, biotic interactions between 
species/populations (competition, predation…), biodiversity determinism… Passive samplers 
(POCIS: Polar Organic Chemical Integrative Samplers) will be deployed in situ to concentrate the 
contaminants. The obtained concentrates will be used to perform impact assessment at the 
community level in controlled situations (i.e. in microcosms). 
• at the ecosystem level (2011-2013) : impacts of pollutants in the framework of other driving-forces 
and in taking into account the spatio-temporal heterogeneity associated to the contamination by 
itself and the associated ecological (and chemical processes).  
This design is explicitly focused on emergent properties of biological systems (e.g. diversity, 
productivity) and involves a multi-scales dimension. The (increasing) use of pesticides is obvious (just go 
and look!), but the identification and quantification of the used contaminants is a necessity that 
requires a significant investment in terms of analyses. Deeply linked to the other outputs of the V3 
project (namely typologies of uses and users and health considerations), this issue is thus clearly 
defined as an interdisciplinary contribution, involving both ecotoxicological and ecological tools and 
concepts: from origins of pollutants to their impacts; from impacts to solutions! Further, modeling and 
outscaling of typological observations will be realized in interaction with the V1 project. 
 
Apart from ecological and water quality studies, health issues will also constitute an important focus. 
We acknowledge for that the involvement of E. Boele from IWMI who will partly assume the 
supervision of a V3-PhD (K. SANOU) from University of Ouagadougou.  
The proposed study would be aimed at the ecosystem services provided by small reservoirs in the Volta 
Basin (Burkina Faso), and to the health implications for the poor people in the communities when these 
services suffer degradation owing to population pressure, intensive agriculture, invasive species, 
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climate change, etc (see Boele et al 2009). The aim would be better management of these reservoirs 
and their watersheds, enabling conservation or restoration of the supported ecosystem services, as well 
as equitable access to them. Further, institutional mechanisms would be chalked out for making these 
systems more resilient to change and risks – especially those that have a bearing upon the poor sections 
of the society. In order to reach these objectives, we'll develop innovative methodologies that reach 
across disciplines and combine biomedical with natural resource management, engineering and social 
sciences. 
The assessment of linkages between ecosystem services and health determinants of small reservoir 
ecosystems, will concern: 
• How small reservoir ecosystems influence human health in a variety of ways (vectors, pathogens, 
water pollution, diversified nutrition, labor demands, income). 
• Spatial and temporal dynamics of the determinants of human health and ecosystem health; 
ecosystem services, their human and animal users; and spatial and temporal variations in the 
resulting vulnerability to the users. 
• Which management arrangement can enhance the resilience of small dam ecosystems for the 
benefits of the poorest in terms of health and livelihoods. 
 
Tools and approaches will be developed and delivered in a way that enables the simulation and 
prediction of socio-ecological and health responses to multiple drivers, based on: 
• Poverty focus, rural livelihoods and dependency on the water system, gender analysis of how 
different groups deal with variability, 
• Environmental management of degraded ecosystems, community health and nutritional aspects.  
 
Delivery of outputs will be organized as a contribution to the on-going co-construction process 
implemented within participative approaches, to ensure a better uptake of results at different levels: 
• Multi-sector collaboration: agriculture, water, health, environment. 
• Local governance, collective planning and action. 
One cluster of reservoirs (belonging to the Mouhoun Basin in Burkina Faso) will be specifically targeted, 
owing to the intensity of population dynamics that recently took place in this area (internal as external 
migrations). Additional data and information will be collected in other areas of the Volta Basin in a 
comparative perspective and to aliment the participative diagnosis and modeling that will be locally 
implemented. 
 
2 - SR water resource assessment 
The volumetric capacity of a SR is an obvious constraint, in defining first the amount of water which is 
effectively available. The approaches implemented by 2iE (H. Karambiri + 1 V3-PhD) will provide a 
coarse but useful and essential tool in assessing the reservoir's capacities, in monitoring and modeling 
their temporal evolution (Diello et al 2006). The different pilot-sites will be physically characterized 
(topography, bathymetry) and their watershed described. Flows will be documented. A diachronic 
perspective regarding siltation will be realized in studying core samples. The interactions between 
surface water and groundwater at local scale will be monitored in using regular piezometric surveys. A 
fundamental output of these studies is to provide for each pilot-site a water budget model usable by 
the other partners of the consortium, particularly for IWRM modelization with the WEAP software.  
Within such water budget, the question of “losses” remains by now the main difficulty: both 
evaporation and seepage are involved that will be studied in detail by TU Delft (N van de Giesen) et 
KNUST (F. Annor, V3-PhD) in two pilot-sites (Nakambé/White Volta continuum). The objective is to be 
able to quantify seepage and evaporative losses in using advanced measurement techniques, which will 
be further shared with the local engineers and scientists.  
Evaporation is the main loss from the system but, in contrast to losses to the groundwater, the 
evaporative loss does not have any direct benefits in the immediate environment of the reservoir. 
Evaporative losses make small reservoirs less efficient than large reservoirs. However, research by Jens 
Liebe during CPWF’s Small Reservoir Project (SRP) showed qualitatively that the evaporation from small 
reservoirs is about the same as the reference evaporation (Liebe 2009). Advection of energy from the 
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surroundings is not very significant. This is probably due to the relative stability of the internal boundary 
layer. In a similarly qualitative fashion, Assouline et al. (2008) found what the roles of surface area and 
reservoir depth play in determining evaporative losses. What is lacking is a more comprehensive data 
set that will lift our insight from qualitative to quantitative. Evaporation can be measured over open 
water by measuring only net radiation and the sensible heat flux (the energy that goes from the surface 
into the atmosphere, thereby warming up the atmosphere) (Vercauteren et al., 2009). To measure 
sensible heat flux, an eddy-covariance system (EC) is needed, which is available in Ghana, but is in need 
of some significant repair. The EC will be installed over a reservoir, either on a floating pan platform or 
on a concrete/metal pole inserted into the lake during the end of the dry season. The platform will also 
be used to measure net radiation and other standard meteorological variables over the reservoir. 
Evaporation from an open water surface leads to enrichment of the remaining water with heavier 
isotopes (2H2O, H2
18O). In the region of interest, small reservoirs are the only permanent open water 
bodies. We can use the isotopic enrichment to quantify how much groundwater originates from small 
reservoirs. The methods for measuring and analyzing isotopic signatures are well established. Needed 
are bulk samples of rainfall in the areas of interest, samples over time of reservoirs, and groundwater 
samples at different distance from reservoirs. The samples will be analyzed in the Netherlands. Many 
issues are tied together by a well closed energy balance. In addition to net radiation, sensible heat flux 
and latent (or evaporative) heat flux, one needs the heat stored in the reservoir. So far, people have 
used profiles of temperature loggers. The idea here would be to measure additionally 3D temperature 
profiles several times during the years by deploying Distributed Temperature Sensing (Selker et al., 
2006). By closing the energy balance, one can determine the overall accuracy of flux related 
measurements and remove long-term biases. It will also be possible to use DTS to determine if there 
are groundwater seepages into the lake. If the associated investment is effectively costly, the expected 
results will provide a dramatic increase in the accuracy of water budget assessment, through an 
innovative and promising methodology. This investment is expected to be proportional to the (social 
and economical) importance of the productive losses studied: (i) groundwater already plays (and will 
play increasingly) an important role in terms of agricultural and domestic water allocation; (ii) if 
evaporative losses appear in a first instance as unproductive, their cost could be significantly different 
depending upon the season, and could be managed if not minimized through adaptive management of 
reservoirs. 
 
3 - Typology of uses and external diagnosis 
SARI and INERA will be specifically concerned by the characterization of uses, in their spatial diversity 
and temporal evolution (change). The project goal is to improve the livelihoods of rural poor women 
and men through more productive, equitable and sustainable water use from SR by various users 
sharing the same scarce water resources. More specifically the project will (i) improve our knowledge of 
the management constraints of SR and possible technical and socio-economic solutions, (ii) build 
capacity building of crop and livestock producers based on needs assessments for more effective 
management of SR, (iii) strengthen regional research capacity to address technical and socio-
institutional aspects of water in the vicinity of SR, (iv) and provide meaningful guidelines for improving 
the sustainable management of SR. 
The project team will collect available information (publications, key resource persons) on water 
resources and uses, socio-economics and gender, demographics, poverty processes and strategies, and 
current water governance arrangements in the vicinity of SR. In all cases, attention will be paid to 
understanding the views and experiences of poor women and men, small land holders, fisher folk, 
livestock keepers including transhumant’s crossing international borders, landless people and different 
ethnic groups. Both socio-economic and technical indicators will be used for that. At the end, a number 
of significant innovative initiatives will be identified. 
The Project will focus in particular on the following issues:  
- Relative amounts of water requirement from SR for various users and for various uses at different 
seasons of the year assessed; 
- Inputs required (fertilizers, work, water in quantity and quality) and output produced (crop, sold or 
not, and externalities like pollution risk) and outcome (depending of market prices) for each use;  
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- Needs assessments for increased crop and livestock production based on SR; 
- Capacity building of crop and livestock producers based on needs assessments; 
- Options to reduce soil erosion and siltation; 
- New and viable income generating options on crops- dry season farming. 
The case studies will be analyzed, compared, and synthesized so that quantified information and 
generic conclusions can be drawn about good practices and principles and the factors that either block 
or foster their inclusion at SR system level.  
RRA' based assessments will also be implemented in the (same) selected pilot-sites under the umbrella 
of G-Eau (JL Fusillier, Cirad/G-Eau) in order to provide key determinants of households socio-economic 
strategy in taking into account their social diversity. These operations will consolidate the diagnostic 
phase of the project and will directly nurture the participative approaches that will be further 
developed. 
 
4 - Participative diagnosis and modeling for IWRM of SR multiple uses 
The G-Eau expertise is firstly affirmed regarding participative approaches (including participative 
modeling). Subcontracting will bring specific competences in terms of social study of the participative 
process with CIRAD Green (W. Daré) and in terms of resource and uses modeling using the WEAP 
software with SEI (D. Purkey). Using participative approaches, we assume that management options 
developed by stakeholders themselves have more chance to be really used by those stakeholders (see 
Von Korff et al 2010).  
External diagnosis on resource and uses led by INERA and SARI will be completed in 2011 by a 
participative diagnosis (PD) based on Participatory Rural Appraisal. First, a rapid typology of the 
stakeholders will be build with social scientists from INERA and SARI. This typology of stakeholders will 
specially focus on the role of women and young households, and on institutions, formal or not, that are 
concerned with the SR management for resource and/or uses. Representatives of those institutions and 
stakeholders’ types will be involved within the participative approach. Then, a PD will be led in each 
main stakeholder group. Divergences and convergences between DPs, and suggestions to enhance the 
SR functioning will be discussed in a general meeting. Some of these suggestions will be tested within 
the pilot experiments. This PD will be led in the two selected pilot-sites.  
Basing on the external and participative diagnosis, first models of SR resource and uses will be built on 
each site. These models will be elaborated in using 2 modeling software: the WEAP (Water Evaluation 
and Planning) software developed by the SEI (Huber-Lee et al., 2003) and devoted to represent 
hydrologic functioning, and the ZonAgri software developed by G-eau (Poussin et al., 2010) devoted to 
represent agricultural activities. A software formation session (1 week) will be organized for researcher 
staff and 2iE students at the end of 2011.  
This first SR model will be used within a participative modeling approach with representatives of local 
institutions and of stakeholders (Vennix, 1999; Hare et al., 2003). Three modeling meetings will be 
organized in both selected sites, and stakeholders’ participation will be observed for assessing impact of 
our study. SR model will be then used with stakeholders to test various scenarios “What if” and to asses 
their impact (Le Bars & Le Grusse, 2008): succession of drought, evolution of market prices, changes in 
uses requirements and production, changes in water access priorities for uses… These simulations aim 
to stakeholders’ learning about their SR management (Rouwette et al., 2002). Two meetings with the 
stakeholders will be devoted of such simulations in both selected sites. Moreover, a third one will be 
organized with V4 stakeholders in each site to assess the interactions between the SR local 
management and the sub-basin governance. 
CIRAD Green (W. Daré) will be in charge to observe and analyze the participative process along the 
participative modeling and the simulation game sessions. Restitution to the stakeholders of this 
observation on the participative process will be made during the last simulation game session. 
SEI (D. Purkey) will be in charge to organize the WEAP software formation at the end of 2011 and to 
contribute in the SR modeling. 
5 - Pilot experiments 
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The sustainability of alternative management options will indeed require the sustainability of both 
resources and practices, but also those of stakeholders. That’s why we plan to implement “pilot” 
actions, which may concern different (alternative or complementary) ways of valorisation and 
exploitation of small reservoirs.  
The project will consolidate collaboration with stakeholders who have a direct interest in project 
activities and outputs. Pilot experiments will therefore be led with representatives of those 
stakeholders. The project will also explore with the proponents of related CPWF projects, governments 
agencies, local NGOs and other stakeholders how we can cooperate effectively to achieve intellectual 
synergy and efficiencies in implementation. The aims of creating such synergy through networking are 
to collect existing information and to ensure that cutting-edge issues will be addressed building upon 
research already done and avoiding duplication.  
 
Two main pilot experiment families will be lead: (i) reducing SR siltation and (ii) enhancing fisheries. 
Reservoir siltation is an important “off-site” consequence of soil erosion. When fertile topsoil is eroded 
from hill-slopes, it is transported downstream and ultimately accumulates in valleys and reservoirs. The 
loss of nutrient-rich topsoil can reduce the productivity of hillside agricultural systems, while siltation of 
small reservoirs lessens reduces their storage capacity. Various soil tillage practices to reduce soil 
erosion will be demonstrated at the selected sites. Various crop management pathways during the dry 
season aiming to reduce siltation will be also tested. Soil erosion models will be developed to simulate 
soil erosion and sedimentation rates at the catchment scale and to produce soil erosion hazard maps 
(Small Reservoirs Toolkit, CPWF SRP46 Project). 
 
The enhancement of fisheries is of significant relevance for diversification in the exploitation of small 
reservoirs. Owing to the scattering of SR and the dependence of riverine populations on their 
production, the enhancement of fisheries appears clearly as a pro-poor investment. (1) In selected 
areas, a fish catch Assessment will first be realized to obtain estimate of amount of fish catch from small 
reservoir(s) that will allow thus the identification of activities that shall be implemented to enhance fish 
catch production. (2) A pilot of fish production increase strategy will be implemented (e.g. installation 
of brush park and/or cages for fish production). Demonstrations and training workshops to build 
capacity of locals in building and managing brush parks and cages will be organized. The monitoring of 
activities with community member will be assumed. (3) A second pilot of fish post harvest losses 
reduction and value addition strategies will then be implemented within the same community. The 
objective is to reduce losses and increases profitability to women engaged in fish handling and 
processing. Demonstrations, focus group evaluation of varying fish smoking ovens, and construction 
and use of pilot most efficient fish smokers and salt-cum-sun drying equipments will be organized for 
that. 
 
6 – Capacity building 
From another point of view, the consortium of scientific institutions involved within the V3 project 
constitute a real and significant opportunity in terms of capacity building (students) and (ii) in terms of 
skills and knowledge dissemination and sharing (interdisciplinary and pluri-institutionnal partnership). 
 
 
5. Links to previous and ongoing work  
Several members of the consortium have been involved in the Small Reservoirs Project of the CPWF 
phase 1: they will supervise different issues of the V3 project, particularly the challenging ones assumed 
by PhD students: they will promote and accompany their conceptual and methodological innovations. 
The SRP CPWF 1 has provided interesting and significant outputs (see the SRP tool kit Andreini et al. 
2009), which remained however characterized by a lack of upscaling, owing to the absence of efficient 
bridges between relevant decision' scales. The CPWF2 architecture aims at challenging this deficiency. 
The linkage between the different Vi projects is thus an important expected outcome of the whole 
CPWF2 Volta initiative. 
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V3 project focuses on integrated management options at local scale for small reservoirs (SR), in a 
multiple use context. Integrated management of SR can aim at several objectives: (i) perpetuating 
infrastructures, obvious condition for socio-agro-ecosystem durability; (ii) protecting and if necessary 
improving the water quality for the various uses; (iii) reaching and enhancing water productivity 
potentials; (iv) seeking for equity (pro-poor position). These goals have to be compared and discussed 
with stakeholders’ perceptions and expectations: participative diagnosis and modeling will constitute a 
methodological baseline. This will create one of the main axes of communication and of information 
sharing with stakeholders. 
For local management of SR, the sustainable enhancement of water productivity will require (i) to 
assess the different aspects of water productivity (present and its past evolution), and (ii) to test 
options for sustainable improvements. Users’ practices depend on strategies and arrangements that 
have also to be clarified. Assessment and test will be made with the stakeholders adopting two main 
ways: (1) through participative modeling of the SR functioning for testing possible evolutions, and (2) 
through implementing pilot operations to test some options in field conditions. Geographical analyses 
focusing on both diachronic (temporal evolution) and synchronic (spatial diversity) processes are thus 
required and will also constitute a baseline in our methodology.  
Developing descriptive and prospective models requires knowledge on processes and data. 
Quantification of local biophysical and socio-economic processes and their interactions will be 
addressed through combined approaches (field analyzes, experimental approaches, simulation games, 
etc.) in using innovative methodological approaches.  
Within the V3 project, different initiatives aim at explicitly coping with the "scaling question", in linking 
their activities at local scales to the development of practical tools usable at a broader scale. This 
appears also as a necessity! Whatever process they relate to, controlling factors (including 
perturbations) often occur at broader scales than those corresponding to the geographical limitation of 
a SR (see the different contributions within Cecchi 2007). The hydrological continuums (regarding both 
surface water and groundwater) is obvious; the effects of foundation events that determine hugely the 
realization of biodiversity of aquatic communities are strongly underpinned by both the seasonal 
connectivity of reservoirs during the rainy season and by their scattering during the dry one; if for a long 
time, the beneficial impacts of SR were clearly expected at the local scale of immediate riverine 
households, the opening of urban markets has steered their exploitation towards cash crop productions 
devoted to exportation; etc. Fluxes (of water, of matter, of chemicals, etc.), exchanges (of crops, of 
money, of information, etc.) and mobility (of people, of opportunities, etc.) will thus be specifically 
targeted. The externality of these flows may constitute a linchpin for further up- and out-scaling, as 
should be developed by V1, V2 and V4 projects. All these studies will be carried out in targeted 




6. Links to other BDC projects 
The links between BDC projects (Vi) have been discussed during the Proposal Development Workshop 
held in Ouagadougou in April 2010. Reasonable decisions have been agreed (regarding site selection as 
example). Expectations in terms of inputs and outputs provided by the different projects (integration of 
the different Vi in a global and unique dynamic) have also been discussed. But these expectations 
remain partly assumptions: for each project, the timeframes of research activities and of outputs 
delivery will have to deal with field contingencies and other miscellaneous hazards that could 
significantly perturb their agenda. From another point of view, the adaptive research framework 
promoted by the CP will offer a permanent opportunity to explore unexpected (i.e. not yet declared) 
issues. This is because of what hereafter only the most significant links are presented in line with an 




Research outputs Dependencies on other 
BDC projects to produce 
it  
Use of research output by 
other BDC projects 
Risks and assumptions 
Site sharing (V1, V2, 
V3, V4) 
agreement agreement To be assumed before 




V3 depends partly on 
synoptic indications 
provided by V1 
(representativeness) 
V3 will provide to V1 
detailed characterization 





V3 depends on regional 
assessments produced by 
V4 to contextualize its 
local observations. 
V3 will provide to V4 the 
local IWR Management 
options identified with 
(and expected by) 
stakeholders. 
Expected before the 
first quarter of 2012 
Multi-Uses Systems V3 and V2 agreed to collaborate on Integrate Analysis 
of multi-uses of water resources at local scales 
Expected in 2012 
Modeling and 
forecasting 
V3 and V1 agreed to collaborate on outscaling of the 
modeling of processes realized by V3 
Expected in 2013 
 
 
7. Suggested sites 
A simple quick look on a map (*) provides some relevant information regarding the distribution of 
reservoirs within the Volta Basin. For each of the two main countries involved, the relative weight of 
small reservoirs within the national context of interrogations regarding the durability of available water 
resources could not be the same… The strategic importance of SR could not be exactly the same in the 
two countries: if in Ghana, the question is very focused on Northern areas of the country, in Burkina 
Faso, the integrality of the territory is involved, with a significant concentration in its central part. In 
both cases, however, previous studies have been significantly concentrated on the Nakambé / White 
Volta continuum (NWV). It has been collectively agreed during the Proposal Development Workshop 
held in Ouagadougou in April 2010 that a re-equilibrium of interest and activities between the two main 
arms of the Volta continuum (namely the NWV corridor and the Mouhoun / Black Volta (MBV) corridor) 
has to be promoted.  
 
The V3 project has proposed in a first instance to document the SR situation in 4 areas, corresponding 
to 4 clusters of SR: 2 in Ghana and 2 in Burkina Faso; 2 along the MBV continuum and 2 along the NWV 
continuum. The two clusters belonging to the NWV continuum are clearly identified: the Nariarlé 
continuum in Burkina Faso (NWV-BF) and a cluster to be selected in the Upper East Region (NWV-GH). 
In both cases, the areas are benefiting of a significant background of multi-disciplinary knowledge. The 
two clusters along the MBV continuum remain to be precisely identified in both countries: a preliminary 
assessment indicates the presence of at least 50 reservoirs on each bank in the region of interest. This 
basic uncertainty regarding the number and the location of SR in these two areas is a relevant indication 
of the lack of information, strengthening the justification of our first selection. Conversely, the absence 
of valuable information, particularly concerning the Upper West Region of Ghana, that is also 
particularly far and difficult (and expensive) to join, introduces a significant risk in terms of feasibility. 
This situation is less preoccupant for the Volta side (Mouhoun corridor). After consultation, both within 
the V3 consortium and with the CPMT, we finally have decided to explicitly focus two primary clusters 
of reservoirs. One in Ghana located along the Nakambé/White Volta continuum (Upper East Region) 
and one in Burkina Faso (along the Mouhoun / Black Volta continuum). Within each of the 2 clusters, 1 
pilot-site will be selected to constitute our “interdisciplinary lab”, where detailed studies will be 
implemented by the different modules of the V3 project. Some selective operations will be conducted 
in the Nariarlé Basin (Burkina Faso) that belongs to the Nakambé / White Volta continuum. Depending 
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on opportunities, flash operations may also be organized in the Upper West Region of Ghana but 
without formal engagement from our part.  
Preliminary agreements were discussed with other Vi (as example with V2; it was said that some 
studies-sites could have been shared, namely NWV-BF and MBV-GH) that now have to be reevaluated. 
The global framework indicates however that V4 will choose its sites where V2 and V3 are working and 
that V1 will provide information regarding contexts. These very important issues have to be attentively 
discussed during the Inception Workshop. 
For the V3 project, the final selection of sites is explicitly indicated within our Gantt-Chart, as a 
constitutive and fundamental element of cohesion for the whole project. Beyond to the previous 
statement regarding site selection, its finalization will first depend upon a collegial consensus. A process 
has thus been proposed, involving (i) an analysis of all available elements, either from formal and 
informal literature, or from “expert's skills”, (ii) a field pre-prospection, before (iii) sharing of 
information discussions, etc. to allow (iv) a collective decision during a devoted workshop at the 
beginning of the year 2011. In fine, V3 project will provide information focused on processes analyzes at 
two main scales of interest: the local scale of individual reservoirs and the regional (basin) scale of 
clusters of reservoirs.  
(*) 






8. Project Outcome Pathways  
See Project workbook 
 
 
9. Activities and Implementation Plan 
In the form of a Gantt chart, constructed as an Excel spreadsheet, which is part of the project 
workbook.  
 
V3 project is organized to ensure the production of outcomes for the stakeholders, mainly at local level but 
also at sub-basin level. The production of knowledge relative to the functioning of SR in each site has been 
organized in a way that provides relevant information by the end of the first year. The preliminary 
ecological assessments and the identification of burden of sanitary threats, which are potentially 
associated to the intensification of the exploitation of resources that are generated by reservoirs, will 
provide outputs that will be involved for the co-construction diagnosis with stakeholders. In the same way, 
the quantitative assessment of the reservoir's capacities and the pre-identification of key processes 
(constitution, including impact of siltation; losses, including seepage) that are controlling locally their 
temporal availability will be used as outcomes to sustain the participative modeling implemented to 
display current practices and to test possible alternatives. In involving the local stakeholders into the 
research process, external diagnosis and models produced by researchers (typology of uses, water 
resource assessment for quantity and quality) are discussed, refined and enhanced by a co-construction 
process with the stakeholders during participative simulation sessions. The last semester of 2013 will be 
partly devoted to an auto-assessment of the understanding and adoption of our outcomes by the targeted 
end users. Ultimately, V3 stakeholders will be asked to show to the V4 stakeholders using their simulation 
model how their SR runs and how they envisage its evolution ensuring its sustainability and enhancing its 
productivity. 
 
10. Communications  
A website will be built to share information between researchers (intranet) and inform people on the 
project running. Proceedings of our four meetings, technical reports and results will be available on this 
website. This website will also be used to share data and intermediate results with other Vi projects.  
Researchers and students involved in the project will produce technical reports, communications for 
scientific conferences (including our meetings, CPWF Volta reflexion workshops and IFWF3 & 4 
conferences), and formal academic papers.  
Lastly, our participative approach for diagnosis, modeling and simulations will be an efficient pathway to 
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11. Consortium Details 
 
Names of team members Professional discipline Institutional affiliation and address 
JY JAMIN Agronomy / IWRM CIRAD - G-Eau - BP 5095- 
- 34196 MONTPELLIER cedex 5  France 
P CECCHI Aquatic Ecology IRD – G-Eau - BP 5095- 
- 34196 MONTPELLIER cedex 5  France 
JC POUSSIN Agronomy / IWRM IRD – G-Eau - BP 5095- 
- 34196 MONTPELLIER cedex 5  France 
JL FUSILLIER Rural economist CIRAD - G-Eau - BP 5095- 
- 34196 MONTPELLIER cedex 5  France 
H KARAMBIRI Hydrology / IWRM 2iE - 01 BP 594 Ouagadougou 01, Burkina Faso 
B BARBIER Economy 2iE - 01 BP 594 Ouagadougou 01, Burkina Faso 
N. van de GIESEN Hydrology TU Delft - Stevinweg 1 - 2628 CN Delft, 
The Netherlands 
A ABUNYEWA Soil Sciences  SARI - P. O. Box TL 52 - Tamale,Ghana 
to be identified Socio-economic SARI - P. O. Box TL 52 - Tamale,Ghana 
S KABORE Agronomy INERA - 04 BP 8645 Ouagadougou 04, Burkina Faso 
Y DEMBELE Agronomy INERA Farako-ba - 01 BP 910 Bobo-Dioulasson 
Burkina Faso 
to be identified Socio-economic INERA Farako-ba - 01 BP 910 Bobo-Dioulasso 
Burkina Faso 
KABBAN Fisheries CSIR/WRI - Box M32 – Accra, Ghana 
 
Provide a brief text statement on why the lead institution is well-placed to lead the group. 
UMR G-Eau is a common research unit grouping scientists from AgroParisTech–Cemagref–Cirad–IAMM–
IRD –MontpellierSupAgro and working on Water Management, Stakeholders, and Uses. 
It is conducting research in partnership on water management at different scales: water basin, irrigated 
systems, and domestic water services. It focuses on interactions between biophysical mechanisms and 
collective or individual decision-making processes. Its goals are (i) to produce knowledge and methods for 
the managers and the water authorities; (ii) to improve performances of irrigation systems; (iii) to evaluate 
the usefulness of methods / tools; (iv) to provide diagnosis in different situations; (v) to contribute to 
training of students and professionals (North & South). Two of the institutions participating in UMR G-Eau, 
namely Cirad and IRD, have a long experience of cooperation in Burkina Faso and Ghana, with a number of 
scientists out-posted in national and regional institutions in the two countries.  
One of the members of the leader team, P Cecchi was the coordinator of the Small Reservoirs Project (SRP) 
implemented by IRD in Ivory Coast (1994-2000). This multidisciplinary study gave some statements for the 
further SRP project developed in the Volta Basin by CPWF Phase 1, and in which P. Cecchi was a key WP 
leader (2003-2008); more recently, he was one of the leaders of the GoGeBa Project (Management and 
Governance of Small Reservoirs, IDRC founded) that was developed in Burkina Faso (2007-2009). 
 
The V3 project develop its activities at local scales in Burkina Faso and in Ghana: partners from the two 
countries had to be involved. During and after the Stakeholders Consultation organized by CP in 
Ouagadougou in November 2009, preliminary discussions allowed the identification of a short list of 
potential partners interested by the specific problematic of SR. These different partners are now involved 
within the V3 project; all are sharing a series of key attributes, which are expected to strengthen our 
consortium:  
o Scientific relevance; 
o Ability for capacity building and students training; 
o Shared experience in partnership; 
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o Capacity to deliver research results; 
o Previous involvements in CP activities. 
 
Institution 0: G-Eau 
Beyond assuming the coordination and animation tasks, G-Eau provides to the V3 project the expertise of a 
multidisciplinary research team devoted to water resources and their management (aquatic ecology and 
health; household economics, participatory approaches and action research, simulation games and 
modeling), strengthened by the skills of its subcontracting partners (Cirad-Green, SEI) and the involvement 
in capacity building of a great academic network (in-basin and out-basin Universities). 
 
Institution 1: 2iE 
2iE is an International Foundation located in Ouagadougou, historically devoted to the formation of 
technicians and engineers, which has recently implemented a classical LMD cursus, and which delivers now 
PhD. 2iE is working for a long date on the IWRM questions that surround Small Reservoirs in Burkina Faso, 
with hydrological and economical modeling as entry points. The impacts of global change on water 
resources constitute a baseline of its research activities, both at local and regional scales. 
 
Institution 2: TU Delft 
The Department of Water Management, Civil Engineering & Geosciences of the Delft University has been 
involved during the last years within the principal research projects (SRP CPWF1, Glowa) dealing with Small 
Reservoirs in the Volta Basin (hydrologic processes studies and geospatial analysis). TU Delft has promoted 
a re-conceptualization of SR dynamics that takes into account their irregular spatial distribution (clustering) 
at regional scales. Within the V3 project, and beyond its acute expertise on local situations, TU Delft will 
develop, provide and share innovative methodologies, firstly through its partnership with the KNUST 
(Kumasi University, Ghana). 
 
Institution 3: INERA 
In Burkina Faso, INERA is the principal national Institute devoted to agricultural and environmental studies 
(agronomy, pedology, animal production, socio-economy…). Solidly involved within the CP framework, 
INERA is often a key partner owing to its close integration within the concrete and local world of 
agricultural productions. Its sound proximity with stakeholders and with their practices allows INERA to 
provide detailed and updated information on uses and users of Natural Resources. Action Research is 
central for INERA, which will be involved also in the implementation of pilot-studies promoted by the V3 
project. 
 
Institution 4: SARI 
SARI corresponds in Ghana to the equivalent of INERA in Burkina Faso. By the past intensively mobilized by 
scientific operations devoted to the enhancement of inland-valleys productivity, SARI focuses now part of 
its activities to SR, owing to their agronomical potentialities. As INERA, its sound proximity with 
stakeholders and with their practices allows SARI to provide detailed and updated information on uses and 
users of Natural Resources. SARI will be also involved in the implementation of pilot-studies promoted by 
the V3 project. 
 
Institution 5: WRI 
Fisheries constitute a strategic question in Ghana, largely assumed from a scientific point of view by the 
Water Research Institute. The amelioration of harvesting, and, more recently, post-harvesting practices 
constitute for WRI a decisive technical issue regarding the enhancement of fisheries activities and the 
promotion of its stakeholders. Familiar with the CP objectives, WRI will apply its expertise on pilot-studies 
implemented by the V3 project. 
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